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Fas ligand (CD95L) induces apoptosis in activated T cells through the process of Activation Induced Cell Death (AICD). Gelatin 
nanoparticles are virus sized gelatin-protein-DNA complexes which can encapsulate multiple DNA vectors and proteins, and which are 
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tolerance in study mice, and is applicable to the treatment of autoimmune diseases when self-antigens such as Myelin Basic Protein are 
co-delivered with the Fas ligand. 
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ANTIGEN-SPECIFIC INDUCTION OF 
PERIPHERAL IMMUNE TOLERANCE 

TE CHNICAL FIELD OF THE INVENTION 

This invention is related to the area of immune diseases. More 
particularly it relates to autoimmune diseases, allergic diseases, and 
transplantation rejection. 
BACKGROUND OF THE INVENTION 

Immunologic tolerance to self antigens is a necessary mechanism for 
protecting an organism from destruction by its own immune system. When 
this mechanism malfunctions, allowing self-reactive immune cells to 
proliferate, an autoimmune disease develops within the host. A number of 
diseases such as Multiple Sclerosis, Lupis, Myathenia Gravis, and 
Rheumatoid Arthritis have been shown to result from loss of self-tolerance in 
T and B lymphocytes. 

Fas ligand (CD95L) plays a substantial role in both the regulation [1] 
[2] and effector function [3] of the immune system, as well as in the 
maintenance of immunologic privilege [4] [5] [6-8]. T lymphocytes utilize 
CD95L to induce apoptosis in target cells, and also become susceptible to 
CD95L after antigen stimulation through the processes of Activation Induced 
Cell Death (AICD). [9] [10] T lymphocytes reactive with self-proteins play 
a substantial role in autoimmune pathology [11]. For example, Myelin 
reactive T cells have been demonstrated in patients with Multiple Sclerosis 

1 
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[12] [13] [14] and in the experimental autoimmune enchephelomyelitis mouse 
and rat models have been shown to be both pathogenic and able to transfer 
disease between syngeneic animals. [15-18] 

There is a continuing need in the art for additional methods and tools 
for treating autoimmune diseases, as well as allergic diseases and 
transplantation rejection. 



SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method of ablating 
or reducing a pathological immune response, such as an autoimmune 
10 response, an allergic response, or transplantation rejection. 

It is another object of the present invention to provide compositions 
of nanospheres, antigen presenting cells, nucleic acid expression vectors, or 
liposomes useful for ablating or reducing an immune response. 

These and other objects of the invention are achieved by providing a 
15 method in which nucleic acids are administered to a mammal. The nucleic 
acids encode a first and a second protein which are a molecule which induces 
apoptosis or inactivation of T cells and a pathogenic antigen, respectively. 
Antigen presenting cells express both the first protein and the second protein. 
Antigen-specific T cells are activated by the antigen presenting cells which 
20 express the pathogenic antigen. Activated antigen-specific T cells are killed 
or inactivated by the first protein expressed by the antigen presenting cells. 
Thus an immune response to the antigen can be ablated. 

Also provided are nanospheres which comprise at least one nucleic 
acid molecule encoding a first and a second protein. The first protein induces 
25 apoptosis or inactivation of T cells, and the second protein comprises a 
pathogenic antigen. The pathogenic antigen is capable of activating antigen- 
specific T cells. The first protein is capable of killing or inactivating activated 
antigen-specific T cells. 

Also provided by the present invention is a composition comprising 
30 a liposome which comprises at least one nucleic acid molecule encoding a 
first and a second protein. The first protein induces apoptosis or inactivation 



2 



WO 00/59538 



PCT/US00/09461 



of T cells, and the second protein comprises a pathogenic antigen. The 
pathogenic antigen is capable of activating antigen-specific T cells and the 
first protein is capable of killing or inactivating activated antigen-specific T 
cells. 

5 According to another embodiment of the invention a composition is 

provided which comprises a nucleic acid vector encoding a first and a second 
protein. The first protein induces apoptosis or inactivation of T cells, and the 
second protein comprises a pathogenic antigen. The pathogenic antigen is 
capable of activating antigen-specific T cells and the first protein is capable 

1 0 of killing or inactivating activated antigen-specific T cells. 

In yet another embodiment of the invention a composition comprising 
a genetically engineered cell is provided. The cell comprises at least one 
nucleic acid molecule encoding a first and a second protein. The first protein 
induces apoptosis or inactivation of T cells, and the second protein comprises 

15 a pathogenic antigen. The pathogenic antigen is capable of activating antigen- 
specific T cells and the first protein is capable of killing or inactivating 
activated antigen-specific T cells. 

The present invention thus provides the art with methods and 
compositions useful for treating autoimmune diseases, transplantation 

20 rejection, and allergic diseases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1. Fas ligand/Lac Z co-delivery abrogates the CTL immune response 
tofi-gal Mice were injected and re-injected at 2 weeks with saline alone (•), 
1 //g of p43-FasL DNA in nanoparticles (■), 1 fig of p43-cLacZ in 

25 nanoparticles (♦), 1 fxg of LacZ/FasL in nanoparticles (A), or 1 fig of 
p43-cLacZ in nanoparticles in one leg and 1 fxg of p43-FasL in nanoparticles 
in the opposite leg (▼). T cells were isolated from the spleen and lymph 
nodes of the mice and assayed for 6-gal specific cytotoxicity. 
Figure 2. Systemic abrogation of the fi-gal CTL immune response by Fas 

30 ligand/LacZ co-delivery. Mice were three times at two week intervals with 
saline alone (•), 50 fig of p43-FasL naked DNA in the left leg (■), 50 jug of 
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p43-FasL naked DNA in the left leg and LacZ/FasL DNA nanoparticles (2 y% 
of DNA total) in the right leg (♦), 100 \ig of p43-FasL naked DNA in the left 
leg (A), or 100 y% of p43-FasL naked DNA in the left leg and LacZ/FasL 
DNA nanoparticles (2 //g of DNA total) in the right leg (T). T cells were 
5 isolated from the spleen and lymph nodes of the mice and assayed for fl-gal 
specific cytotoxicity. 

Figure 3. Antigen specific induction of tolerance by LacZ/FasL 
nanoparticles. Mice were injected at 0, 2, and 4 weeks with saline (•, 
p43-cLacZ nanoparticles (1 /zg) (■), LacZ/FasL nanoparticles (2 fig) (♦), 
1 0 pcHAvector (50 fxg) in the left leg (A), or p43-cLacZ nanoparticles ( 1 //g) in 
the right leg and pcHA vector (50 fig) in the left leg (T). T cells harvested 
from the spleen and lymph nodes of and were assayed for CTL response 
against J3-gal (Figure 3A) or to HA (Figure 3B). 

Figure 4. Requirement for co-delivery of Fas ligand and LacZ vectors. Mice 

1 5 were injected at 0, 2, and 4 weeks with saline (T), 50 \xg of naked p43-LacZ 
(•), 50 /ig of naked p43-LacZ in the left leg and LacZ/FasL DNA 
nanoparticles (2 jug of DNA total) in the right leg (■), 50 fxg of naked 
p43-cLacZ (♦), a mixture of 50 p,g of p43-cLacZ and 50 fug of p43-FasL (▲). 
Two weeks after the final injections, T cells were harvested from the spleen 

20 and lymph nodes and were assayed for CTL response against B-gaL 

Figure 5. The effects ofLaZ/FasL nanoparticle injection on fi-Gal immunity 
of pre- and post-immunized mice. Mice were injected with saline (•), three 
times with 1 fxg of p43-LacZ nanoparticles (■), three times with 50 jig of 
naked p43-LacZ (♦), twice with 2 jxg of LacZ/FasL nanoparticles followed 

25 by three timer with 1 jig of p43-LacZ in nanoparticles (A), or three times with 
1 jig of p43-LacZ nano-particles followed by twice with 2 jig of LacZ/fasL 
nanoparticles (T). AL1 immunization injections were given at 2-week 
intervals and tolerizing injections were given at 1-week intervals. Three 
weeks after the final injection, T cells were isolated from the spleen and 

30 lymph nodes and were assayed for P-Gal-specific cytotoxicity. 
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DETAILED DES CRIPTION 

It is a discovery of the present inventors that co-expression within 
individual cells of a pathogenic antigen and a cell protein which kills or 
inactivates activated T cells leads to activation and antigen-induced cell death 
5 (AICD) in reactive T cells. It is believed that interaction of T cells with 
protein epitopes bound in the MHC class I and II molecules of antigen 
presenting cells (APCs) leads to antigen-specific activation of T cells. These 
activated T cells then interact with a cell protein which inactivates or kills 
activated T cells, inducing these T cells to undergo apoptosis. It is a further 

1 0 finding of the inventors that nanospheres formed by coacervation of more than 
one coding sequence are efficient means of achieving co-tranfection, without 
requiring special digenic constructs. 

Pathogenic antigens according to the present invention are those 
against which a pathological immune reaction is directed. Thus the antigen 

15 can be, for example, an allergen, an autoantigen, or a transplantation antigen. 

Autoimmune antigens are relevant to several diseases, including Multiple 
Sclerosis, Rheumatoid Arthritis, Myasthenia gravis, and Lupis Erithmatosis. 
Other diseases in which an autoimmune component has been implicated are 
Insulin Dependent Diabetes Mellitus, and Crohn's disease. 

20 Nucleic acids encoding the pathogenic antigen of choice may include 

a targeting signal directing the protein to the MHC class II antigen 
presentation system. One particularly preferrred targeting system is the 
LAMP-1 targeting system. See U.S. Pat. No. 5633234, which is expressly 
incorporated herein. The LAMP targeting system guides proteins to the 

25 endosomal/lysosomal system for processing and presentation. LAMP- 
mediated lysosomal targeting of antigens has been shown to increase the 
immune reaction to the antigen through a mechanism of increased antigen 
presentation to CD4+ T helper cells. In contrast, no particular targeting 
system is required to achieve antigen presentation in the MHC class I system. 

30 Presentation via the MHC class I system activates CD8+ cytotoxic T cells. 
Activation and subsquent deletion of the CD4+ and CD8+ populations 
abrogates both antibody and cellular immune responses. 
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Nucleic acids can be used which encode any cellular protein which 
induces apoptosis or inactivation of T cells. The cellular protein can be a 
surface protein or a secreted protein for which the activated T cells express a 
receptor. Preferably expression of the receptor is up-regulated upon activation 
5 of the T cells. Suitable cellular proteins include, without limitation, Fas ligand 
and TNFa. Secreted proteins such as cytokines and chemokines can be used 
as well. 

Ablation of an immune response includes reduction, alleviation, 
amelioration and total elimination. The immune response can be evaluated by 

10 measuring any relevant biological component of the immune system or by 
evaluating symptoms of a patient or mammal being treated. See, Chapter 2, 
"The Induction, Measurement, and Manipulation of the Immune response," 
in Immunobiology, the immune system in health and disease, Janeway, 
Travers, Hunt, and Walport, Current Biology Limited, NY, 1997. Preferably 

15 a reduction of at least 25% is achieved. More preferably a reduction of at 
least 50%, 75%, 80%, 85%, 90%, or 95% is achieved. 

Administration of nucleic acids according to the invention can be 
according to any procedure known in the art. While delivery of nanospheres 
which coacervate both coding sequences is desired, other delivery systems as 

20 are known in the art can be used, including but not limited to liposomes, viral 
particles, naked DNA, gene guns, and the like. Cells which have been 
transfected ex vivo can also be used for delivery of the nucleic acids to a 
mammal. Cells can be antigen presenting cells or muscle cells. Preferably 
they are autologous. Although applicants do not wish to be bound by any 

25 particular theory or mechanism of operation, it appears that co-tranfection of 
cells with both components, the coding sequence for the pathogenic antigen 
and the coding sequence for the cellular protein which induces apoptosis or 
inactivation, is required. Thus methods which maximize the probability of 
cotransfection are preferred. The two coding sequences can be on a single 

30 molecule of nucleic acid or they can be physically associated in a complex, for 
example. Those of skill in the art will be able to choose the precise 
configuration which is most convenient for the particular application at hand. 
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Uptake of the nucleic acids by antigen presenting cells can be 
accomplished as is known in the art. See Akbari et aL, J. Exp. Med. 189: 1 69- 
177; Casares et al, 1 Exp. Med. 756:1481-1486; Condon et al, Nature 
Medicine 2:1 122-1 128; and Porgador et al, J. Exp. Med. 755:1075-1082. If 
5 a targeting moiety is desired to increase the number of antigen presenting cells 
which take up the DNA, one can target N418, CD83, MHC class II, CD80 and 
CD86 (B7.1 and B7.2) and CD40. For example, antibodies or antibody 
portions which are specific for these cell makers can be attached to the 
nanospheres. 

1 0 Expression vectors which are useful according to the present invention 

are molecules which will ensure transcription and translation of the encoded 
proteins. Appropriate expression vectors are known in the art for mammalian 
cells and in particular for human cells. The promoters used may be 
constitutive or regulated. The expression units for the apoptosis-inducing 

15 protein and the pathogenic antigen may be on one or two distinct molecules. 

Liposomes are well known in the art. Any technique may be used for 
making the liposomes at the choice of the skilled artisan. The liposomes can 
co-encapsulate two distinct expression vectors or one vector which encodes 
both the pathogenic antigen and the apoptosis-inducing protein. 

20 Modes of administration to the mammal or patient can be by any 

conventional route. These include, but are not limited to subcutaneous, 
intramuscular, intravenous, intraperitoneal, oral, intranasal, intrabronchial, and 
scarification. While it is believed that the present method works by in vivo 
uptake of the DNA directly by antigen presenting cells, it is possible that other 

25 cells such as muscle cells take up the DNA as well. 

Nanopsheres typically are coacervates of a positively charged and a 
negatively charged polymer. Nanospheres which employ nucleic acids as the 
negatively charged polymer can employ, for example, gelatin, chitosan, or 
derivatives thereof as the positively charged polymer. The nanospheres 

30 preferably are less than 5 \im and more preferably less than 3 \im. A 
population of nanospheres can be sized. Whereas there may be some 
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variability in the size of the population the size of at least 50%, 75%, 85%, 
or 90% of the population can be applied as characterizing the population. 

The above disclosure generally describes the present invention. A 
more complete understanding can be obtained by reference to the following 
specific examples which are provided herein for purposes of illustration only, 
and are not intended to limit the scope of the invention. 

EXA MPLE 1 
Injection of Mice with LacZ/FasL nanoparticles 

Immunization of mice with gelatin nanoparticles containing a 6-gal 
encoding p43-cLacZ vector had been previously shown to produce a large 
antigen specific immune reaction in mice. Also, protein molecules such as 
cytokines, which effect the immune system, could be encapsulated and 
co-delivered with the DNA vector nanoparticles resulting in a shift in the 
immune response toward a Thl or Th2 bias. [25] 

Since our theoretical model for antigen specific deletion of T cells 
required that individual cells be co-transfected with both antigen-encoding and 
fas ligand-encoding vectors, we tested the effect on the immune system of 
injecting mice with LacZ/FasL nanoparticles as compared to LacZ only 
nanoparticles. 

We found that a normal immune response to the fl-gal protein is 
generated when mice are immunized with LacZ vector alone or with LacZ in 
one leg and Fas ligand in the opposite leg (Figure 1). When co-encapsulated 
LacZ and Fas ligand are injected, the immune reaction against G-gal is reduced 
to background reactivity, similar to the group injected with saline alone. 
Injection of Fas ligand nanoparticles alone had no effect on the immune 
response. Thus, the co-delivery of a Fas ligand expression vector and an 
antigen-encoding vector leads to abrogation of the CTL response to the 
antigen. 

Methods: DNA Vectors 

The p43-cLacZ vector encoding the E. coli B-galactosidase gene has 
been previously described [26]. The Fas ligand mRNA sequence was 
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obtained by PCR of the gene from the pCI-FasL vector, which was the 
generous gift of Dr. Berry Burns. Primers for PCR of the gene sequence, 
sense 5'— 3' and antisense 5'-3\ contained EcoR I linkers. The p43-FasL 
vector encoding the C57B/6 mouse mRNA sequence was constructed by 
5 ligation of the DNAfragment into the EcoR I restriction site of the p43 DNA 
vector, and the resulting construct was sequenced by the Biochemistry Core 
facility to assure sequence integrity. Both vectors were propagated in DH5 
cells, and were purified using the Qiagen EndoFree Plasmid Kits. Purified 
plasmid DNA was assayed for bacterial LPS contamination. 

10 Materials: Mice 

6-8 week old BALB/c mice were purchased from the Charles Rivers 
Laboratories. All protocols for animal use were approved. 
Methods: Immunization of animals 

Gelatin nanoparticles were prepared as described [24, 25] and DNA 

15 loading level was quantitated by Flourometry after digestion with 2.5% 
trypsin to release the DNA from the gelatin. Mice were immunized by 
intramuscular injection in tibialis anterior muscle of the rear legs with 
naked DNA or gelatin nanoparticles suspended in sterile saline solution. 
Methods: Cytotoxic T cell Assay 

20 Lymph nodes and spleens were harvested from mice and T cells 

isolated by non-adherence to nylon wool as previously described and were 
assayed for antigen specific cytotoxicity by chromium release assay as 
previously described [27] [25]. Chromium release was quantitated on a 
Packard TopCountNXT, and results expressed as Counts * min-1 (CPM) 

25 EXAMPLE 2 

Systemic Abrogation of T cell Activity 

Although activated APCs become refractory to apoptosis and 
specifically to Fas ligand mediated apoptosis by down-regulation the Fas 
receptor, the possibility was raised that the expression of the Fas ligand on the 
30 surface of transfected APCs was inducing auto-apoptosis of the APC, thereby 
killing or inactivating the APC before it was able to interact with T cells, 



9 



WO 00/59538 



PCT/US00/09461 



thereby preventing it from ever inducing an immune reaction to the antigen. 
To rule out this possibility, mice were immunized in one leg with a high dose 
of naked p43-cLacZ and in the opposite leg with LacZ/FasL nanoparticles 
(Figure 2). Our reasoning being that if Fas ligand expression was simply 
5 causing auto-apoptosis of transfected cells, the immune response generated in 
the opposite leg injected with naked p43c-cLacZ would not effected. On the 
other hand, expression of antigen and the Fas ligand by individual APCs and 
muscle cells, which would display both activating antigen and AICD-inducing 
fas ligand to T cells, should lead to systemic deletion of B-gal reactive T cells. 

10 Mice injected with naked p43-cLacZ alone developed strong CTL 

responses to B-gal, whereas those injected with naked p43-cLacZ in one leg 
and LacZ/FasL nanoparticles in the opposite leg developed responses only 
slightly higher than that of the group injected with saline alone. Thus, the 
co-delivery of fas ligand- and LacZ-encoding vectors leads to systemic 

15 abrogation of the immune response by a mechanism other than inducing 
apoptosis in the transfected APCs. 

EX AMPL E 3 

Abrogation of T cell Activity in Mice Immunized with Antigen Before or 
After Tolerization. 

20 LacZ/FasL nanoparticles systemically abrogate the 6-gal specific 

immuneresponse when injected at the same time as an immunization, clearly 
effecting the development of an immune response. However, the 
effectiveness against pre-existing T cells or against antigen-specific precursor 
T cells was not known. To answer these questions, mice were immunized 

25 three times with p43-cLacZ nanoparticles before or after injection of 
LacZ/FasL nanoparticles. 

EXAMPLE 4 
Antigen Specific Induction of T cell Tolerance 

Having demonstrated that LacZ/FasL tolerization nanoparticles ("Tol 
30 nanospheres") abrogate both the local and systemic immune reaction to B-gal, 
we next asked if the tolerization injection would affect the immune response 
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to a second antigen injected at a separate site. Mice were injected in one leg 
with the pcHA vector and in the opposite leg with LacZ/FasL nanoparticles. 
While co-delivery of LacZ and Fas ligand resulted in abrogation of the 6-gal 
specific response (Figure 3 A), the immune response to influenza 
hemmaglutinin (HA) was not affected (Figure 3B). These data demonstrate 
that the deletion of T cells induced by the LacZ/FasL nanoparticles is antigen- 
specific, and that the phenomenon does not affect secondary antigens that are 
not co-expressed with the fas ligand. 

EXAM P LE 5 
Requirement of Vector Co-Delivery 

Our model of the tolerization system assumed that a co-delivery 
system is necessary to ensure co-expression of antigen and Fas ligand within 
individual cells. To test if co-delivery was in fact required (Figure 4), mice 
were injected with naked p43-cLacZ (50 //g), naked p43-cLacZ (50 ^g) and 
LacZ/FasL nanoparticles (2 ^g), naked p43-FasL (50 j/g), or a mixture of 
naked p43-cLacZ (50 fig) and p43-FasL (50 ^g). Harvested T cells were 
assayed for CTL activity against G-gal. The saline and p43-FasL 
immunization groups did not show B-gal-specific lysis activity. The 
p43-cLacZ group developed a strong response to B-gal. The LacZ/FasL (Tol 
nanospheres) with p43-cLacZ nanoparticles resulted in the abrogation of the 
response. The group injected with naked LacZ and FasL vectors showed only 
a small decrease in the immune response compared to the decrease observed 
in the nanoparticle group. Therefore, although a small decrease in the 
immune response was observed after injection of the naked vectors, 
co-delivery is a requirement for the abrogation of the immune response to an 
antigen. 

In this study we have attempted to induce peripheral tolerance of T 
lymphocytes by taking advantage of the phenomena of Activation Induced 
Cell Death, in which activated T cells become susceptible to induction of 
apoptosis by the fas ligand. An immune response to an antigen is initiated 
when an APC expressing antigen in surface bound MHC class molecules 
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interacts with a CD4+ T helper lymphocytes. The CD4+ cell becomes 
activated and at the same time displays the CD40 ligand (CD 154), which fully 
activates the APC. The APC is then able to activate CD8+ T cytotoxic 
lymphocytes through display of antigen on surface-bound MHC class I 
5 molecules. We speculated that co-expressing antigen and fas ligand on 
individual cells might cause antigen-specific activation of T cells and 
induction of AICD through interaction with CD95L. 

We co-encapsulated two separate DNA vectors, one encoding the 
CD95L and one the B-galactosidase model antigen, within gelatin 

1 0 nanoparticles. Gelatin nanoparticles are a coacervate of DNA and gelatin that 
have previously been demonstrated to have utility in vaccine delivery and in 
gene therapy applications. See U.S. Serial Nos. 08/657,913, filed June 7, 
1996, 60/071,679, filed January 16, 1998; and 60/071,746, filed January 16, 
1998, which are expressly incorporated herein. Our theory of CD95L 

15 induced tolerance required that both the antigen and CD95L genes be co- 
expressed in individual cells. We tested nanoparticles for the ability to to 
deliver two distinct nucleic acid constructs to the same cell without the need 
of building elaborate digeneic DNA constructs. 

We have shown that T cells reactive to a specific antigen are deleted 

20 in mice injected with nanoparticles encoding both the specific antigen and a 
surface molecule which induces apoptosis. 



EX A MPL E 6 
Multiple Sclerosis Antigens: Myelin Basic Protein 

An excellent MS model exists in the SJL/J strain of mice which 
25 mirrors the human disease in both its pathology and immunological 
characteristics. This disease model, called experimental allergic 
encephalomyelitis (EAE), is used to characterize the tolerization technique for 
prevention and treatment of multiple sclerosis. 

The myelin basic protein mRNA sequence from the SJL/J mouse was 
30 cloned by RT-PCR into a mammalian expression vector. It was subsequently 
subcloned into a tPA-TmC chimera mammalian expression vector. 
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Expression of myelin basic protein with the fas ligand is used to delete mouse 
T cells reactive with myelin basic protein, as described above for P- 
galactosidase. 

EX A MPLE 7 

5 Inhibition of CTL activity of pre- or postimmunized mice 

LacZ/FasL DNA nanoparticles systemically inhibited the P-Gal- 
specific CTL response when injected into mice at the same time as 
administration of the immunizing DNA. We have also tested the 
effectiveness of the tolerization method in mice with T cells already present 

1 0 from a previous antigen challenge or against rechallenge with antigen after the 
tolerization injection (Fig. 5). Mice were injected twice with LacZ/FasL. 
DNA nanoparticles (2 \ig of DNA) either 2 weeks before or 2 weeks after they 
were immunized three times with 1 ng of p43-cLacZ nanoparticles. There 
was no significant CTL response in mice injected twice with LacZ/FasL 

15 nanoparticles before immunization with nanoparticles containing p43-cLacZ 
DNA alone, yielding T cell reactivity similar to that of mice injected with 
saline alone. Mice immunized three times with p43-cLacZ nanoparticles and 
then injected with LacZ/FasL nanoparticles 7 and 14 days after the last 
immunization showed a great decrease in, but not complete abrogation of, T 

20 cell reactivity compared with mice injected with 1 ^g of p43-cLacZ 
nanoparticles or with 50 \ig of naked p43-cLacZ. Within the time frame of 
this experiment, injection of the LacZ/FasL nanoparticles prevented the 
development of a P-Gal-specific T cell response to antigen challenge after the 
mice had been tolerized. Also, LacZ/fasL nanoparticles were able to 

25 markedly reduce, but not completely abrogate, the T cell reactivity to antigen 
generated by immunization before tolerization injections were administered. 
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CLAIMS 

1 . A method of reducing an antigen-specific immune response, 
comprising: 

administering nucleic acids to a mammal, wherein the nucleic 
5 acids encode a first and a second protein, wherein the first protein induces 
apoptosis or inactivation of T cells, and the second protein is a pathogenic 
antigen, whereby an immune response to the antigen in the mammal is 
reduced. 

2. The method of claim 1 wherein antigen presenting cells in the 
10 mammal take up the nucleic acids, whereby the antigen presenting cells 

express the first protein and the second protein, whereby antigen-specific T 
cells are activated and killed. 

3. The method of claim 1 wherein the nucleic acids are 
administered to the mammal by delivery of antigen presenting cells which 

1 5 comprise the nucleic acids. 

4. The method of claim 1 wherein the nucleic acids are 
administered to the mammal by delivery of muscle cells which comprise the 
nucleic acids. 

5. The method of claim 1 wherein the first and the second 
20 proteins are encoded by separate nucleic acid molecules. 

6. The method of claim 1 wherein the pathogenic antigen is an 

allergen. 

7. The method of claim 1 wherein the pathogenic antigen is an 
autoimmune antigen. 

25 8. The method of claim 7 wherein the autoimmune antigen is 

one to which the mammal mounts an immune response. 

9. The method of claim 1 wherein the pathogenic antigen is a 
transplantation antigen. 

10. The method of claim 2 wherein the first protein is expressed 
30 on the surface of the antigen presenting cells. 
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1 1 . The method of claim 2 wherein the first protein is secreted by 
the antigen presenting cells. 

12. The method of claim 1 wherein the first protein is Fas ligand. 

13. The method of claim 1 wherein the first protein is Tnf-cc. 

5 14. The method of claim 1 wherein the second protein is 

lysosomally targeted. 

15. The method of claim 1 wherein the second protein is not 
lysosomally targeted. 

1 6. The method of claim 2 wherein receptors for the first protein 
10 on T cells are up-regulated upon activation of the T cells. 

1 7. The method of claim 1 wherein the nucleic acid molecules are 
coacervated in nanospheres. 

1 8 . The method of claim 5 wherein the nucleic acid molecules are 
coacervated in nanospheres. 

15 19. The method of claim 14 wherein a CD4+ T helper cell 

population is killed. 

20. The method of claim 15 wherein a CD8+ cytolytic T cell 
poopulation is killed. 

21. The method of claim 1 wherein the antigen is myelin basic 

20 protein. 

22. A composition comprising a nanosphere which comprises at 
least one nucleic acid molecule encoding a first and a second protein, wherein 
the first protein induces apoptosis or inactivation of activated T cells, and the 
second protein comprises a pathogenic antigen, wherein the pathogenic 

25 antigen is capable of activating antigen-specific T cells. 

23. A composition comprising a liposome which comprises at 
least one nucleic acid molecule encoding a first and a second protein, wherein 
the first protein induces apoptosis or inactivation of activated T cells, and the 
second protein comprises a pathogenic antigen, wherein the pathogenic 

30 antigen is capable of activating antigen-specific T cells. 

24. A composition comprising a nucleic acid expression vector 
encoding a first and a second protein, wherein the first protein induces 
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apoptosis or inactivation of activated T cells, and the second protein 
comprises a pathogenic antigen, wherein the pathogenic antigen is capable of 
activating antigen-specific T cells. 

25. A composition comprising an antigen presenting cell which 
5 comprises at least one nucleic acid molecule encoding a first and a second 
protein, wherein the first protein induces apoptosis or inactivation of activated 
T cells, and the second protein comprises a pathogenic antigen, wherein the 
pathogenic antigen is capable of activating antigen-specific T cells, wherein 
the antigen presenting cell expresses both the first and the second proteins. 
10 26. The composition of claim 22, 23, or 25 wherein the first and 

the second proteins are encoded by separate nucleic acid molecules. 

27. The composition of claim 22, 23, 24, or 25 wherein the 
pathogenic antigen is an allergen. 

28. The composition of claim 22, 23, 24, or 25 wherein the 
15 pathogenic antigen is an autoimmune antigen. 

29. The composition of claim 22, 23, 24, or 25 wherein the 
pathogenic antigen is a transplantation antigen. 

30. The composition of claim 22, 23, 24, or 25 wherein the first 
protein is a cell surface protein. 

20 31. The composition of claim 22, 23, 24, or 25 wherein the first 

protein is Fas ligand. 

32. The composition of claim 22, 23, 24, or 25 wherein the first 
protein is TNF-a. 

33. The composition of claim 22, 23, 24, or 25 wherein the 
25 second protein is lysosomally targeted. 

34. The composition of claim 22, 23, 24, or 25 wherein the 
second protein is not lysosomally targeted. 

35. The composition of claim 22, 23, 24, or 25 wherein receptors 
for the first protein on T cells are up-regulated upon activation of the T cells. 

30 36. The composition of claim 33 wherein a CD4+ T helper cell 

population is targeted. 
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37. The composition of claim 34 wherein a CD8+ cytolytic T 
cell poopulation is targeted. 

38. The composition of claim 22, 23, 24, or 25 wherein the 
antigen is myelin basic protein. 
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FIG. 1 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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